obJect The authors have established a multicenter registry to assess the efficacy and costs of common lumbar spinal procedures using prospectively collected outcomes. Collection of these data requires an extensive commitment of resources from each site. The aim of this study was to determine whether outcomes data from shorter-interval follow-up could be used to accurately estimate long-term outcome following lumbar discectomy. methodS An observational prospective cohort study was completed at 13 academic and community sites. Patients undergoing single-level lumbar discectomy for treatment of disc herniation were included. SF-36 and Oswestry Disability Index (ODI) data were obtained preoperatively and at 1, 3, 6, and 12 months postoperatively. Quality-adjusted life year (QALY) data were calculated using SF-6D utility scores. Correlations among outcomes at each follow-up time point were tested using the Spearman rank correlation test. reSultS One hundred forty-eight patients were enrolled over 1 year. Their mean age was 46 years (49% female). Eleven patients (7.4%) required a reoperation by 1 year postoperatively. The overall 1-year follow-up rate was 80.4%. Lumbar discectomy was associated with significant improvements in ODI and SF-36 scores (p < 0.0001) and with a gain of 0.246 QALYs over the 1-year study period. The greatest gain occurred between baseline and 3-month follow-up and was significantly greater than improvements obtained between 3 and 6 months or 6 months and 1 year (p < 0.001). Correlations between 3-month, 6-month, and 1-year outcomes were similar, suggesting that 3-month data may be used to accurately estimate 1-year outcomes for patients who do not require a reoperation. Patients who underwent reoperation had worse outcomes scores and nonsignificant correlations at all time points. coNcluSioNS This national spine registry demonstrated successful collection of high-quality outcomes data for spi-
L umbar discectomy is one of the most commonly performed surgical procedures in the United States, accounting for almost 200,000 cases per year. 26 Generally, surgery for herniated lumbar discs is performed after failure of a trial of nonoperative management. 6 The goal of surgical treatment is to achieve decompression of neural elements by removing disc material in order to improve the patient's symptoms and quality of life (QOL) . Multiple studies have demonstrated that surgical intervention for patients with symptomatic lumbar disc herniation results in early improvement of symptoms.
2, 8, 20, 22, 28 Patient-reported outcomes data on the surgical treatment of lumbar disorders are of significant interest to numerous parties, including patients, clinicians, payers, and policy-makers. In 2010, the Neurosurgery Patient Outcomes IN Treating Spinal Disorders (NeuroPoint-SD) project was designed to establish a multicenter cooperative group to prospectively collect patient outcomes data on the surgical treatment of lumbar spinal disorders, including lumbar discectomy. Based on data from this registry, it was demonstrated that lumbar discectomy and lumbar spinal fusion for degenerative lumbar spondylolisthesis were effective in improving QOL using validated general and disease-specific outcome instruments, the 36-item ShortForm Health Survey (SF-36), Oswestry Disability Index (ODI), and a visual analog scale (VAS). 9 Collection of patient-reported outcomes data in NeuroPoint-SD required dedicated research personnel at multiple institutions, data management and analysis experts, and was associated with significant costs. One of the major drivers of cost, as well as the challenges to overall validity for registries, is the ability to obtain 1-year follow-up on all patients. Currently, there are no standard protocols dictating the duration of follow-up required for collecting patient-reported outcomes to determine clinical effectiveness for lumbar discectomy. The purpose of this analysis is to correlate the outcome scores following lumbar discectomy at standard follow-up time points to determine if data collection at 3 months or 6 months might serve as a valid surrogate for long-term outcomes. Ultimately, the success of patient-reported outcome registries will depend on developing practical guidelines for the optimal data acquisition time period to determine clinical effectiveness for lumbar spine procedures.
methods
This trial was registered with the Clinical Trials.gov database (www.clinicaltrials.gov), and its registration number is NCT01220921.
Study design
A prospective, observational cohort registry study enrolled patients from 13 sites over a 1-year period and collected data from unselected patients undergoing lumbar discectomy. Outcomes were measured and observed over a 1-year period postoperatively.
data coordination
Institutional review board (IRB) approval of the clinical protocol was obtained and research contracts were executed for this prospective registry at 13 academic and community sites nationwide in September 2010. Patient data were managed at the central coordinating center (Wallace Clinical Trials Center in Greenwich, Connecticut). All patient data were de-identified before transfer from each treating institution to protect patient confidentiality, in compliance with the Health Insurance Portability and Accountability Act (HIPAA). All patient data were entered into a secure, HIPAA-compliant, internet-based data management platform, the NeuroPoint Alliance (NPA), which was developed by Outcome Sciences (Cambridge, Massachusetts) in conjunction with the American Association of Neurological Surgeons (AANS) (Rolling Meadows, Illinois). Enrollment occurred over a 1-year period (September 2010-September 2011) and data collection was completed in September 2012.
data Sources/measurement
All questionnaires were administered in the outpatient office setting. In certain circumstances, 6-month or 1-year follow-up was not performed as routine clinical care. In these situations, the patients were mailed the questionnaires to complete and return to the study site coordinator. Patients completing the questionnaires at home were instructed to call the study site coordinators with any questions. In addition, site coordinators reviewed the questionnaires for completeness. Patients were contacted via phone to assess work status, to document any complications during the study period, and to address and complete any missing data from the questionnaires. Each patient who did not return the follow-up questionnaires was contacted 3 times via mail and/or phone calls to optimize patient compliance.
Expenses for the study were estimated from the budgeted IRB expenses and patient incentive reimbursements. Administrative costs were based on 20% full-time equivalence for study coordinators at each site. These were used to compile Table 1. nal procedures in actual practice. Three-month outcome data may be used to accurately estimate outcome at future time points and may lower costs associated with registry data collection. This registry effort provides a practical foundation for the acquisition of outcome data following lumbar discectomy.
Study population
Patients aged 18-80 years with symptomatic lumbar disc herniation refractory to noninvasive therapies for at least 6 weeks were eligible. Patients were excluded for any of the following reasons: 1) history of previous lumbar spinal surgery at the level of disc herniation; 2) significant motor weakness on manual muscle testing of 3/5 or less (i.e., foot drop) or cauda equina syndrome; 3) cancer, infection, or fracture involving any portion of the spine; or 4) pregnancy. Each site was permitted to enroll up to 25 unselected patients within the 1-year study period.
Patients were recruited from 13 sites without regard to sex, race, age, language preference, or socioeconomic status. There was no specific advertising to recruit patients, although the clinical registry was listed with www. clinicaltrials.gov and on most of the participating institution's clinical research web pages. All potentially eligible patients were screened by a study coordinator for potential enrollment. The screening log for NeuroPoint-SD has been published and demonstrates that 80% of eligible patients were enrolled.
9 Eligible patients were enrolled over an average of 6 months at each site until the national accrual goal was reached. All patients who were eligible, and who agreed to participate, were asked to sign an IRB-approved consent form for participation in the study. The patient's treatment was not affected in any way by choosing not to participate in the study.
outcomes assessment
Patients completed 1 disease-specific outcome measure, the Oswestry Disability Index (ODI) 7 and 1 general health-related QOL measure, the norm-based SF-36, 12 preoperatively, and at 1, 3, 6, and 12 months postoperatively.
Surgical treatment
In all cases, surgical treatment was undertaken at the discretion of the surgeon and the patient. Lumbar discectomy was performed as described.
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Study Sample Size estimates
Based on the published data for the lumbar discectomy patients from the SPORT trials 27 we assumed a preoperative value of 30 for SF-36 physical function, with a standard deviation between 23 and 25, with treatment effect from 40-45 points. For a 2-sided, 5% significance level, we calculated that a sample size of 10 patients per site would be necessary to demonstrate the effectiveness of lumbar discectomy at 80% power, leading to the total sample size estimate for the lumbar discectomy cohort of 100 patients. The sample size was inflated to 125 patients to accommodate attrition during follow-up.
Statistical analysis
Mean values and standard deviations were calculated for outcomes assessments, and improvement in outcome was evaluated using paired t-tests and repeated-measures ANOVA. To calculate QALYs, we first converted SF-36 data to SF-6D using ordinal and standard gamble health state valuation models. [3] [4] [5] 18 QALYs were determined by the change in utility between baseline and follow-up, multiplied by the duration of time in years at that follow-up point (i.e., 0.5 for 6 months or 1 for 1 year). 10, 23 One-year predicted QALYs gained (Table 2) were calculated by using the QALYs gained at each time point (i.e., 3 months) and multiplying by the appropriate factor to equal 1 year (i.e., 4 for 3 months and 2 for 6 months). Correlations among outcomes at each follow-up time point were tested using the Spearman rank correlation test. The Spearman rho, a measure of statistical dependence between 2 nonparametric variables, is depicted and represents the degree of correlation. The closer Spearman rho is to 1 or -1, the stronger the relationship is considered. Outcomes tested included the SF-36, ODI, and QALYs gained. A p value less than 0.05 was considered statistically significant. Analyses were performed using Stata (version 12.1, StataCorp).
results baseline demographics and compliance
Patients who underwent lumbar discectomy (n = 148) were enrolled from 13 sites and were included in the current analysis. The patients' mean age was 46 years and the median body mass index was 27.3 (49% female, 2% with diabetes, and 21% smokers).
Baseline evaluations were completed in 100% of patients. Outcomes assessment compliance (follow-up) among patients who underwent lumbar discectomy was 94.6%, 85.8%, 83.1%, and 80.4% at 1, 3, 6, and 12 months, respectively.
outcomes assessment
At 1-month follow-up, lumbar discectomy was associated with an average improvement of 22.7 and 20.4 points in SF-36 and ODI scores, respectively (p < 0.001). This significant improvement in both SF-36 and ODI persisted through the 1-year follow-up (Fig. 1) . The average number of QALYs gained at 1 year following lumbar discectomy was 0.246, and the average improvement in SF-36 and ODI scores was 42.0 and 30.5, respectively. Most of the improvement in outcomes for SF-36 and ODI occurred during the first 3 months after surgery and additional improvements beyond this time point were not significant (see Table 3 ).
Patients who underwent a reoperation within the 1-year postoperative period did not experience statistically significant improvements in SF-36 and ODI scores until 6 months following the initial discectomy. In 9 of the 11 cases in which reoperation was performed, patients underwent reoperation by 6 months after the initial procedure. At 1 and 3 months' follow-up the average improvement in SF-36 score among patients who required reoperation was 8.2 and 15.0, respectively, and the corresponding improvements in ODI score were 5.5 and 10.2. At 1 year after surgery, improvements in SF-36 and ODI were 25.0 and 22.9, respectively (p = 0.03 and p < 0.01, respectively), and the average number of QALYs gained was 0.209.
correlations between Follow-up intervals
Correlations among the outcome scores at each followup time point are summarized in Table 4 . All the correlations are statistically significant, but they vary from moderate to very strong. The Spearman rho value for correlations between 1-month outcomes and the other follow-up time points (3 months, 6 months, and 1 year) are weaker than the values for later follow-ups. The correlations between 3-month and 1-year outcomes and between 6-month and 1-year outcomes are strong. This is depicted in Fig. 2 as a wider density in the scatterplot for 1 month versus 1 year and a tighter density in the graphs for 3 and 6 months. As can be seen in Table 2 , analysis of data for the entire patient group showed that the predicted QALYs gained at 3 months and 6 months are similar to the actual QALYs gained at 1 year, but the predicted QALYs gained at 1 month were not.
To determine the predictive value of early (1-month, 3-month, and 6-month) patient-reported outcomes on the 1-year outcomes in those patients who ultimately underwent a reoperation within 1 year, an analysis was performed on only those patients who required a reoperation (n = 11). As summarized in the second half of Table 2 , only the QALYs gained for 6 months predicted the actual QALY gained at 1 year. Three-month data were not predictive. In the corresponding analysis shown in the second half of Table 4 , none of the Spearman correlations are statistically significant, but the 6-month outcomes may weakly predict 1-year outcomes.
discussion
NeuroPoint-SD represents the first multicenter prospective registry to demonstrate clinical effectiveness for lumbar discectomy at 1 year. In this analysis, we have demonstrated that the outcomes following lumbar discectomy at 3 months may be used to accurately estimate the 1-year outcomes for patients who do not require reoperation. These outcomes include SF-36, ODI, and the QALYs gained. Most of the improvement in outcome following lumbar discectomy occurs within the first 3 months following the operation. For patients who developed reherniations and ultimately underwent reoperations, 6-month outcomes may predict long-term outcomes, but the correlation is weak. This is the first report to present guidelines for the duration of collection of outcomes following lumbar discectomy.
The NeuroPoint-SD registry has created the infrastructure to prospectively measure outcomes and costs of common spinal procedures. In addition to NeuroPoint-SD, there are several national spinal registry efforts currently underway to collect high-quality prospective outcome data. These include the National Neurosurgery Quality and Outcomes Database (N 2 QOD), which has modules in cervical spine and lumbar spine deformity, as well as the North American Spine Society (NASS) Spine Registry (https://www.spine.org/Pages/ResearchClinicalCare/ Research/SpineRegistry.aspx).
1 All registry efforts have focused on creating a low-cost and accessible platform for prospective data collection. The average follow-up rate in NeuroPoint-SD was 86% at 3 months and 80% at 1 year. Obtaining such high rates of follow-up in NeuroPoint-SD required significant resource commitment from all participating institutions. For 1 year of data collection, we previously estimated a cost of more than $1800 per patient, 9 and most NeuroPoint-SD sites incurred more than $18,000 in actual costs to collect data for 1 year (Table 1) . By collecting data for 3 months rather than 1 year, the costs per site would be reduced by nearly two-thirds ($7000 vs $18,500). Based upon this analysis, many smaller practices with limited funding or infrastructure could potentially be able to obtain meaningful long-term results by extrapolating from the 3-month data.
We have previously shown that the results of NeuroPoint-SD for lumbar discectomy are similar to those reported by a well-designed trial such as SPORT (Spine Patient Outcomes Research Trial).
9,27 SPORT recently reported 8-year results for surgical versus nonoperative treatment for lumbar disc herniation. 15 Using the as-treated analysis, the authors reported little to no degradation of outcomes to 8 years' follow-up after lumbar discectomy. The maintenance of gain in outcomes following lumbar discectomy, as demonstrated by this recent SPORT publication, are important for the conclusions of our analysis and have broader implications for spinal surgery registry design. These preliminary data suggest that 3-month outcome scores following lumbar discectomy may not change significantly for the duration of a patient's lifetime. For each spinal diagnosis and surgical procedure, there may exist a time point after which there is little variation in outcome scores. Accurately determining these time points would help to establish guidelines for data collection for prospective registries.
Although a small number of patients in this study underwent reoperation, the outcome scores for these patients were consistently worse, across all time points, than those for patients who did not require reoperation ( Table 5) . The minimum clinically important difference (MCID) for SF-36 subscales has been reported as 10 points, and for ODI it has been reported as 8-12 points. 11, 16, 21 For the total lumbar discectomy cohort in NeuroPoint-SD, the MCID for average improvement was reached 1 month following surgery. For patients who required a reoperation, their 3-month outcome scores were significantly lower. The lower outcome scores of patients who underwent reoperation may represent an important "red flag" for providers. Additional workup, including imaging studies, may be indicated for patients with less than optimal outcome scores at 3 months following lumbar discectomy. Spinal registries may be helpful not only in validating the positive gains from surgery, but also in detecting those patients who are not doing well and might benefit from additional intervention. However, accurate lumbar disc reherniation rates would not be captured by registries that end data collection at 3 months. State inpatient claims databases and registries dedicated to capturing readmission rates would be essential to fully assess the rate of reoperation following lumbar discectomy. 17 Spinal registries are also useful for cost-utility analyses. We recently published a study of the NeuroPoint data demonstrating that the 1-year cost/QALY ratio for lumbar discectomy ($66,578) is lower than the accepted societal willingness-to-pay threshold of $100,000.
13,14,19
Since 1-year QALYs gained following lumbar discectomy are greater than those observed at 3 months, it would not be accurate to use 3-month registry data for calculating cost-effectiveness. Multiple studies have demonstrated that long-term follow-up for several years is essential to understand the economic impact of surgical procedures. 24 Future economic studies may be required to determine the significant societal costs for lumbar discectomy within the first 3 months as well as over several years following surgery. The data presented here suggest that patient-reported outcomes (ODI and SF-36) at 3 months after lumbar discectomy are predictive of 1-year outcome for patients who do not require a reoperation. This has implications for how surgeons, patients, payers, and other stakeholders assess quality for lumbar discectomy. These data do not apply to other conditions such as lumbar spinal fusion, which may require several years of follow-up.
limitations
This analysis is limited by the lack of a control nonoperative cohort. Without a comparison group, the gain in outcome following surgery may be an overestimate due to effects that would also be present in a nonoperative group, such as the lapse of time, medications, etc. However, we expect that our results would be maintained if we compared the gain in outcome to the gain in outcome in a nonoperative cohort and adjusted accordingly. In addition, our sample size is small and could be influenced by selection bias. It is possible that only favorable patients were selected for inclusion in the study, and in that case the results would be skewed toward demonstrating greater efficacy of lumbar discectomy. Similarly, the number of patients who underwent a reoperation was very small. Larger registries would be necessary to correlate patient-reported outcome data in patients who develop reherniation following the index procedure. In addition, future registry projects might evaluate comparative strategies for managing patients who develop reherniation (nonoperative treatment, revision discectomy, fusion).
conclusions
The NeuroPoint-SD registry demonstrated the clinical effectiveness of lumbar discectomy at 1 year. The results of this analysis show that 3-month outcomes may be accurately extrapolated to predict 1-year outcomes for patients who do not require reoperation. Patients with less improvement at 3 months following lumbar discectomy may require additional evaluation. This study sets a foundation for providing guidelines for the duration of collection of patient-reported outcomes following lumbar discectomy. Significant cost savings would be realized by most centers participating in registries by restricting the collection of patient-reported outcome assessment to 3 months for evaluating lumbar discectomy outcome.
acknowledgment
The work was coordinated by the NeuroPoint Alliance.
references
